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FOREWORD

The concept of Dynamic Update of a Microfilm File and the subsequent
design, development and fabrication of the feasibility prototype could not have
been possible without the contributions of the following individuals. The author
gratefully acknowledges the efforts of these people: Theodore E. Allen, Victor
A. DeMarines, Robert J. Johnson, Roger M. Robillard, Robert D. Thompson,
and Walter J. Cook.

Many other people, too numerous to mention, provided valuable assistance
in the fabrication and assembly of the prototype hardware in addition to sample
data base preparation. To these individuals I say -- a job well done.




ABSTRACT

This document describes the development of the concept of
"Dynamic Update of a Microfilm File." Included is a com-
plete description of the prototype hardware that was designed
and fabricated to prove the feasibility of combining magnetic
and photographic techniques of information storage. The
prototype hardware possesses the capability of information
storage, rapid update, retrieval and display.

REVIEW AND APPROVAL

This technical documentary report has been reviewed and is approved.

@w«&.ﬁhﬁ.«ﬁ

DALE D. RYDER
Lt Colonel, USAF
Project Officer
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SECTION I
INTRODUCTION

This document is a detailed summary of the efforts expended on the
development of the concept of a dynamically updatable microfilm information
storage, retrieval and display system. Included in this report is a description
of the hardware that was designed, developed and fabricated as a feasibility

prototype.

A complete set of logic drawings is included in Appendix I. A description
of the commercial microfilm equipment obtained for the program is contained
in Appendix II. Appendix III contains a description of the data base prepared to

illustrate the functional capability of dynamic updating.




SECTION II
DEVELOPMENT OF THE CONCEPT

All command and control systems, planned or operational, have a standing
requirement for the compact storage and rapid retrieval of information. Micro-
film and other photographic media were studied to determine their suitability for
application in command and control. Some of the characteristics of microfilm

which are desirable in command and control are:
(1) High information packing density;

(2) Easy storage of documents, graphs, photographs, maps and
weather charts;

(3) Rapid retrieval;

(4) Information readily displayed by projection;
(5) High resolution and good definition;

(6) Information easily reproduced.

Physically, microfilm in reel form appears to lend itself more readily to
handling and transporting than do other microfilm forms (i.e., chips, strips,
scroll, etc.). A particularly convenient form of storage is provided by the
somewhat classic magazine. Magazines are available which allow rapid loading

and automatic threading of up to 100 feet of film.

A serious disadvantage of present microfilm systems is the nonexistance
of methods and equipment for rapid updating. The concept described here
utilizes a technique which makes use of the advantages of a reel microfilm system

supplemented with dynamic update and consecutive search capabilities.
Dynamic updating is accomplished by the use of a magnetic strip on the

microfilm in conjunction with read/write circuits. Consecutive search
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capability (i.e., store present position and search forward or reverse from it)
des & stentt . . el g
provides a significant decrease in the retrieval response time relative to

commercial hardware (see Figure 1).

30~

COMMERCIAL READER

RETRIEVAL RESPONSE (SECS)

MODIFIED READER WITH CONSECUTIVE SEARCH

0 1 1 | |
500 1000 1500 2000
FRAME NUMBER

Figure 1. Advantage of Consecutive Search

A system was developed which has the capabilities of:

(1) information storage;
(2) information retrieval;
(3) information display; and

(4) rapid update of filmed data base.

[1] "Test Results: Retrieval Response of Two Microfilm Reader/Retriever
Equipment Configurations, ' George Barboza, The MITRE Corporation, W-5929,
April 1963.
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In order to exhibit the feasibility of the technique, a limited capability
prototype was designed and fabricated. The basic design concept was to
assemble a working prototype using commercially available hardware (see

Appendix II) as much as possible.

The most significant accomplishment is the addition of the dynamic method
of updating the filmed data base. It is the belief of the author that this concept
of dynamic updating is indeed a worthwhile contribution to the state-of-the-art

in microfilm information storage and retrieval.




SECTION III

DESIGN APPROACH

(2]

commercial equipment was available possessing many of the characteristics

A study of the state-of-the-art in microfilm hardware revealed that
desirable in the prototype. Simplicity of design was achieved in the prototype

by the procurement of a commercial 16-mm microfilm reader/ retriever and
associated camera equipment (see Appendix II) for the preparation of the storage
medium. The rotary camera equipment provided a high-speed device for filming
data. The film drive mechanism and projection optics of the commercial reader
were used in the prototype. A medium was developed which allowed magnetic
storage of the dynamic information in addition to photographic storage of the
static information (see Appendix B for definition of static and dynamic informa-
tion). It was desirable to view the photographic information during the updating
process. Thus, the magnetic read/write head was translated across the
stationary storage element. Consecutive search logic decreases the retrieval
response. Dynamic data entry is made via an input keyboard. An accessory
display is used to view selectable portions of the update information and provides

a means of visual error-check during data entry.
STORAGE ELEMENT

A single storage element was used to contain both the photographic and
magnetic information. Registration problems associated with the search and
transport of separate media were eliminated. The storage element selected for

the prototype equipment was 100-foot reels of 16-mm unperforated microfilm

(2] "Preliminary Survey of Information Storage and Retrieval Equipment for
Command and Control Systems, " George Barboza, The MITRE Corporation,
W-4841, March 1962.




(see Figure 2 for the physical format of the storage element). Document images
are stored on the lower portion of the film at a linear reduction ratio of 24 to 1.
The upper section is reserved for the 130-mil wide magnetic strip which is
applied after processing of the exposed film. Individual magazine elements, with
a capacity of storing 100 feet (~ 2450 8.5 by 11 inch reduced images) of processed

film are utilized to contain the film reels.
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Figure 2. StoragelElement Format

A blip is automatically affixed on the film under each document image
during filming of the data base. This blip (Figure 2) is used for two purposes.
Automatic retrieval is accomplished by simply counting the number of blips on

the film. A photodiode device senses and counts these blips as the film is




transported by the field of view of the sensor. The blip also provides a means

of centering the retrieved image for display on the reader screen.

After the 100-foot reel of film was exposed and processed (developed) the
film was sent to an outside contractor for the depositing of the magnetic strip.
Several inquiries revealed that only a single company was equipped to perform
this operation and the product received was of audio-tape quality. Later, tests
revealed that the quality (approximately 70 percent reliability of successful
read/write) did not approach a level required for digital application. Further
development is required in this area to produce a good, reliable (no bit dropout)

magnetic storage element.

Two tracks were sufficient to contain the update information. One of the
tracks was used to contain the binary coded data and the other utilized as a
timing synchronizer (clock track). Each information bit has a corresponding
timing bit to clock the information from the magnetic strip. A clock rate of
12.5 ke and a head-to-tape relative velocity of approximately 20 ips, resulted
in a nominal packing density of 625 bits/inch/track. The 128 information bits
plus a 16-bit SOM (Start of Message) code are thus stored on approximately half
(0. 230 in. ) of the available (0.500 in.) image message length.

READER/RETRIEVER MODULE

The reader/retriever module houses the film transport motors, film drive
and guide, the magnetic head translation mechanism and the projection optics

for magnification and rear-projection of the retrieved image on the built-in screen.

Magnetic Head Translation Mechanism

A constant-velocity head translation mechanism was designed, fabricated
and integrated into the reader/retriever module. A detailed description of the

analysis and design of the head translation mechanism is included in Section V.




CONTROL PANEL AND DISPLAY MODULE

A control panel and display module was designed and fabricated to allow
keyboard entry of the update information. This module included a four-character,
in-line, numeric-only display to allow viewing of selectable portions of the update
information. Controls were included to perform other required functions such as
(1) power on, (2) read, (3) write, (4) clear register, (5) frame/word mode select,
(6) data entry, etc. These functions are discussed in more detail later in this

report.
LOGIC AND POWER MODULE

The logic and power module was designed, fabricated and mounted in a
standard size relay rack. This module contains the necessary logic and
storage registers to perform the frame search and dynamic data manipulations.
The decision-making processes are accomplished in this module which serves

as the central control for the entire system. Commercial power supplies are

also housed in this module.




SECTION IV
UPDATE CAPABILITY

As previously mentioned, the prototype was constructed to demonstrate
the feasibility of the concept of dynamic updating rather than to perform any
specific operational assignment. For this reason, the system capability and
accompanying complexity was established at corresponding levels. Appropriately
then, numerical update characters were all that was required. This allowed
(1) simplicity in the design of the accessory display, (2) minimum size of the
storage registers, (3) simple decoders, (4) a small, input keyboard device and
in general a small, low cost prototype that would accomplish its design ob-

jectives.

Data is stored in a binary coded decimal (BCD) format. A capacity of
32 numerical characters of changeable information was assigned to each micro-
film image. This means that, in addition to the static information stored
photographically, there are 32 characters of magnetic (dynamic) information
associated with every image or 32 x 4 = 128 bits. The total magnetic storage

capacity of one 100-foot reel is then in excess of 300, 000 bits.

A variable word length assignment was included in the design of the
present prototype. The 32 characters associated with each image can be
selected in three different word lengths (i. e., there are three modes of word
assignment operation). Of the 32 characters in any of the three modes, the
first four characters are assigned for use as the frame number designator.
The 28 characters remaining can be divided in one of the following addressable
forms:

(1) 7 words of 4 characters each;
(2) 14 words of 2 characters each; and

(3) 28 words of 1 character each.

9




Any one of these three modes is selectable at the control panel by the

3-position word mode selector. Figure 10 shows the variable word length options.

10




SECTION V

ANALYSIS AND DESIGN OF THE MAGNETIC HEAD TRANSLATION MECHANISM

When the concept of magnetic updating of a microfilmed data base was first
explored, there existed some doubt as to the amount of complexity involved in
attempting to accomplish the mechanical inversion of the magnetic tape/head
relation. A prime design requirement was to have the tape element fixed while
translating the magnetic head across the tape element. Display of the photo-
graphically stored image was desirable during the update process. A decision
was made to build a simple device with a one-track magnetic head which would

accomplish this task. This mechanism would serve a twofold purpose:
(1) Exhibit the simplicity of the required mechanical design, and

(2) Demonstrate that the concept (i. e., translating the head

across the tape) was a feasible approach.

A basic slider crank mechanism was selected for analysis of the velocity
distribution because of its geometrical and physical simplicity. The basic
geometry of the slider crank mechanism is shown in Figure 3. For reasons
described later in this section, this configuration was not used in the final

version.
ANALYSIS OF THE SLIDER CRANK MECHANISM

Referring now to the geometry of the slider crank mechanism in Figure 3,

we see that the expression for the slider displacement is:
X=R+L-Rcosf-Lcos® . (1)
Rearranging the right side of Equation (1) we have:

X=R(l-cos8)+L(l -cos @) . (2)

11




SLIDER CRANK LINKAGE

IA—-14,168

FOUR BAR LINKAGE

Figure 3. Geometrical Arrangement
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We would now like to relate the two variables 6 and ¢ in order to
eliminate @ as a parameter because it is the crank angle 6 which is of pri-

mary concern. The geometry of the slider crank in Figure 3 indicates that

h=R sin § =L sin @ (3)
or
sin 0=% sin 6 . (4)

Squaring both sides of Equation (4) we have

2
2 2
sin (D=-11- sin” 0 . (5)
L2

Multiplying both sides of Equation (5) by (-1) and then adding 1 to both sides we

have
2
2
1 - sin (Z)=1-§- sin29 . (6)

2
L

The intent here is to eliminate () by expressing it as a function of 6 = @ (t)
which is a function of time. This parameter elimination is essential since the
ultimate aim is to differentiate the slider displacement X with respect to time to

obtain expressions for the velocity and acceleration of the slider block.
Now from the trigonometric identity
cos2(2)= 1- sin2 o, (7)
we see that Equation (6) becomes

2
2 2 2
cos P=1 - sin (Z)=1—E§ gin® 6 . (8)
L

13




Taking the positive square root of Equation (8) we see that

2
2
cos O = \ll-sin o = \ﬁ—% sin29 . 9)
L

Multiplying Equation (9) by (-1) and adding 1 to both sides we have

2
(1—cosQ))=1—‘/1-B§sin29 . (10)
L

Equation (10) has exactly the same form as the last term on the right side of

Equation (2). Substitution of Equation (10) in Equation (2) yields

X=R(l-cosf)+L(1-cos®P)=R( -cos ) +
2
iL, I—JI—R—zsinze , (11)
L

2
X=R(1-cosf)+1L l-f—R—z sinzo =X (0) . (12)
L

or

Equation (12) is now an expression for the displacement X in terms of the
parameter 6, which, as previously stated, is a function of time (i.e., 6 = 0(t)).
Attempting to differentiate Equation (12) to obtain expressions for velocity and
acceleration will result in undue complexity. Therefore a simplification of this

equation is desirable.

Application of the binomial theorem to the expression under the radical

on the right side of Equation (12) gives the binomial series form

14
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Since, in our case, R/L <1 and sin 6 < 1, the terms beyond the square may be

dropped without appreciable error (i.e., series converges rapidly). The
expression for the slider displacement becomes

2

2
X=R(1-cos€)+%ﬂ sin” 6 , (13)

where R, L are physical constants which are determined by the geometry
(i.e., R, L do not vary with time). The expression for the slider velocity is
simply the derivative of Equation (13) with respect to time. Use of the derivative

of a function-of-a-function (i. e., X=X ~[6 (t)] ) rule we have

where d6/dt = w is the angular velocity of the crank arm, R, and is constant

for our application. Therefore:

2
X _ o oo.d0 1R™ a9
= qt —Rs1n(9dt+2 I (25m9cos6)dt . . (14)

Collecting similar terms and simplifying Equation (14) we get

dX ( 1R . )
V=—= = = ) . 15
it = Rw s1n9+2Lsm2 ( )

15




In Equation (15) we have used df/dt =w and the trigonometric identity
2 sin 6 cos 6 = sin 20. The expression for the acceleration is obtained by

differentiation of Equation (15) to obtain:

_dv _ @ R do
A—dt —RW[cosedt+2L (2 cos 28)dt:|’

or, since w = dg/dt

b

A= sz <cos 0 +—IE— cos 26>. (16)

The following, rewritten to summarize, are the simplest forms for the
displacement, velocity and acceleration of the slider block in the geometry of

the slider crank mechanism shown in Figure 3:

2
R .2
X—R(l-cos6)+2L sin 0 ,
_dX _ ; R .
V= n —Rw(s1n6+2L sm29),a.nd an)

A =Rw2 (cos 6 +%cos 29).

On the basis of this analysis, the slider crank mechanism was fabricated
and used to translate a single-track magnetic head across a magnetic strip on a
stationary 16-mm film. Output signals from the head were amplified and dis-
played on a scope. Results of the tests were so satisfactory that the feasibility

of concept was readily established.

A commercial microfilm reader was then procured. The physical
integration of the magnetic head mechanism with the film guide necessitated a
modification of the geometry of the head translation mechanism. This new
geometrical arrangement is shown in Figure 3 (lower section). Comparison of
the slider crank geometry with that of the new four-bar linkage indicated that the

16




slider crank was really a special case of the four-bar linkage. This can.be
seen mathematically if, in the four-bar geometry, we allow ''r'"' to approach
infinity. Indications were that instead of a completely new analysis, the one
previously derived could be extended to describe the four-bar geometry. This

was indeed the case as is shown in the following section.
EXTENSION OF THE ANALYSIS TO THE FOUR-BAR GEOMETRY
From Figure 3 (lower section) we see that

S=ra (18)
and

=71 tan

X
5 . (19)

N R

The explicit expression for the variable « is, from Equation (19),

a=z2tan (X)) . (20)

Substituting Equation (20) in Equation (18) we have

zs—r = tan—l<% ) ; (21)

We are primarily interested in the'velocity profile or more specifically
the velocity along the arc S as a function of time. Thus, we need to determine
the relationship between the horizontal velocity dX/dt and the arc length
velocity dS/dt. This is accomplished by differentiation of Equation (21) with
respect to time, keeping in mind that r is a geometrical notion, constant with

respect to time. Performing this operation we get

= c (22)




Rewriting Equation (21) in terms of S we have:

X

S =2r tan'1<2—r) : (23)

Substituting the expression for X from Equation (17) into Equation (23) we get

2
o afr R® 2 }
S = 2r tan [21‘ (1 -cos 6) + 41, Sin 0 . (24)

Since we desire the arc length S as a function of time, we proceed as
follows. As we recall, the term w = df/dt appearing in Equation (17) is not a
function of time; i.e., w = df/dt is constant. If we integrate df = wdt we get
6 =wt +c, where c is a constant of integration. Using the condition 6 = 0 at

t =0 we find that ¢ = 0, so that
6 = wt, w constant . (25)

Substitution of Equation (25) into Equation (24) yields the desired expression for

the arc length as a function of time:

2

B -1| R R 2 ]
S = 2r tan [21‘ (1 - cos wt) +_4rL sin- wt | . (26)

Substitution of Equation (25) into Equation (17) yields:

2

( ) 21 ’

dX . R .
V—dt —Rw(smwt +2Ls1n 2wt).

If we now substitute Equation (27) into Equation (22), we have the complex

expression for the velocity dS/dt as a function of time:

18




R
. LT
as Rw (sm wt sin 2 wt)

2L 28
o 1 R 2 |2 o
1+—— [R( -coswt) +—sin wt

2
4y 2L

In summary then, we have extended the analysis of the slider block geometry

to include the four-bar geometry. This extension is formalized by the parametric

equations.
2
R™ . 2
X =R (1 - cos wt) +57, sin wt (29)
Slider Crank
[0S =R (sin t +£ in 2 t) Hechanism
dt w w 21, sin 2w s (30)
-1[ R RZ 2 }
S = 2r tan 2—r (1 - cos wt) +E sin wt , (31)
R Four-Bar
ds Rw (sin wt + Ei sin 2 wt) Mechanism
N (32)

2 2’
1 +L |:R(1 - cos wt) +-R— sin2 wt:l
41_2 2L

where R, w=d60/dt, r, L are constants.

The displacement function (Equation 29) is shown graphically in Figure 4.
The velocity profile as a function of time (Equation 30) is shown in Figure 5.
Since Equations (29) and (30) are a pair of parametric equations in the variable
t it is possible to obtain a functional relationship between the velocity and the

displacement. This relationship is shown in Figure 6.

Figures 4 through 6 also exhibit the same properties for the four-bar
linkage.
19




Finally, interesting comparisons can be made between the above relation-
ships. Equations (29) through (32) are decidedly different in form and the
geometry of the two mechanisms is dissimilar. It is interesting to note that
the comparisons shown in Figures 4, 5, and 6 bear striking similarity. This

is not an unfortunate event and, in fact, a most desirable and planned occurrence.

At first sight one might expect that the geometry, shown in Figure 3, for
the four-bar linkage, would not yield a constant velocity device. This is

indeed a false notion as the following observation will verify.

Examination of the standard formats used in commercial microfilm
hardware reveals that the normal pitch (distance between consecutive images)
on 16-mm film is in the order of 0. 50 inch. This means that the magnetic
information pertaining to a single image will be stored on 0. 50 inch of film.
Select the required 0. 50-inch travel from the available total head travel of 2+
inches in the following manner. Graphically determine what value of S cor-
responds to the maximum dS/dt. Translate 0. 25 inch to the left and right of
that value to get the required 0. 50-inch head travel. Now determine the
corresponding values of dS/dt for these values of S. If we follow this procedure
in Figure 7 we see that the total velocity change is less than 5 percent of the
maximum velocity over the range of 0.50 inch in S. A direct implication is
that a 5-percent deviation in output signal from the magnetic head results due
to velocity modulation. For our application this is a trivial change and, for

all practical purposes, we have a constant velocity device.

MECHANICAL DESIGN

On the basis of the preceding analysis the final configuration for the head
translation mechanism was selected. The basic geometry of the slider-crank

was expanded upon to accomplish the required function.

20
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In general the design requirements consisted of two head translation
motions: Insert and retract the magnetic head to and from the magnetic strip;
and translate the magnetic head along the axis of the magnetic strip. Two main
assemblies were required to accomplish these motions: the drive assembly and

the recording head transport assembly.

Drive Assembly

The drive assembly provides a source of mechanical power to drive the

recording head transport assembly. The basic components are:
(1) A-c motor and gear reduction;
(2) Magnetic clutch/brake;
(3) Variable dwell cam assembly; and
(4) Gear train.

The motor and gear reduction units provide the necessary torque and
shaft speeds to translate the magnetic head at a nominal 20 ips velocity. A-c
power to the drive motor was originally wired into the reader/ retriever so that
the drive motor was running whenever a film magazine was inserted. Later a

shutoff switch was added.

Under control of one of the variable dwell cams, the magnetic clutch
engages or disengages the driving torque. A single cycle control provides
one-and-only-one pass of the magnetic head by the magnetic strip on the film.
Another variable dwell cam controls power to the head insertion/ retraction
solenoid. The solenoid inserts the magnetic head onto the microfilm magnetic

strip during the forward stroke of the recording head transport assembly.

During the reverse stroke, solenoid power is cut off and the magnetic

head is retracted under spring tension.
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Recording Head Transport Assembly

The recording head transport assembly is the mechanism required to

translate the magnetic head. The basic components are:
(1)  Magnetic read/write head;
(2) Head insertion/retraction solenoid; and
(3) Mechanical linkage to mount and traverse the head.

Reader/Retriever Modifications

Certain modifications were required in the reader/retriever in order to
accomplish the mechanical integration of the magnetic head translation
mechanism with the commercial reader/retriever. These modifications were
mainly concerned with the rework and redesign of the commercial film guide

but also included changes in the reader/retriever console.

Plug-In Unit Subrack Assembly

The printed circuit logic cards used to construct the required logical
functions were housed in light-weight aluminum subracks. Taper pin connectors
were used throughout the fabrication of the logic module. In this manner, ease

of fabrication and modular construction was obtained in the prototype equipment.

24




SECTION VI
FUNCTIONAL DESCRIPTION OF THE PROTOTYPE

GENERAL

The basic logical functions performed by the prototype may be divided into

two main categories: Automatic frame search mode and information update mode.

Simplified functional analogs of these categories are presented in Figures
8 and 9. However, the detailed logic workings are appreciably different in
engineering detail, than is indicated in these analogs. Since the purpose of this
section is to clarify the functional capability, these analogs were derived to
describe this capability in the simplest manner possible. Every effort was made

to avoid masking the explanation with undue complexity of detail.

A consecutive search capability was designed and built into the prototype to
improve the retrieval response times associated with the forward-only search
technique which was used in the commercial reader/retriever procured. Con-
secutive search is defined as the capability to store the present position or frame
number location on the film reel and search in either direction (i.e., forward or
reverse). The logical flow involved in accomplishing this consecutive search
level of capability is shown in Figure 8. The advantages of consecutive search

over forward-only search is shown in Figure 1.
AUTOMATIC FRAME SEARCH MODE

The automatic frame search mode is selected at the control panel by
depression of the button labeled FRAME. When this mode is selected, the key-
board shift register is conditioned to receive frame number inputs from the
10-button input keyboard. As shown in Figure 8, the keyboard shift register is
used in the automatic frame search mode to receive and temporarily store the

frame number request entered via the input keyboard. An accessory display
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device (4 character numeric in-line) is used in the automatic frame search
mode to provide a visual display of the frame number request. This display

verifies the correctness of the frame number input.

Depression of a key on the keyboard generates a 4-bit (8-4-2-1) binary
code which cofreSponds uniquely to a numeric character (e.g., 5=0101). The
last character of the mandatory 4-character input automatically starts the first
stage comparison cycle. During this cycle the contents of the keyboard shift
register are compared on a bit-by-bit basis with the contents of the frame
counter/shift register. The frame counter/shift register contains a binary

coded decimal indication of present frame location.

Logically, the first stage comparison determines the relative location of
the desired frame number with respect to present position along the length of the
film reel. If the film reel had just been loaded, the contents of the frame counter
shift register is zero. If previous requests have been made, the contents of the
frame counter shift register will be a direct indication of present position with-

in the film reel.

Referring now to Figure 8, we see that one of three possible logical
decisions is made as a result of the first stage comparison. Let us examine

each of these possibilities in turn.

First Stage Compare — Greater Than

If the first stage comparison indicates that the desired frame number is
numerically greater than the present position frame number, then an enable
film drive forward command is initiated. Since film drive is accomplished by
two reversible drive motors (i.e., a high and a low speed) a logical decision is
now required to select which of these is activated. This function is accomplished

in the second stage comparison (Figure 8).
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If the desired frame number is greater than the present position frame
number by a predetermined fixed amount, called the precount, then a drive film
forward fast command is initiated. This command causes power to be applied
to the high speed motor and the film begins to be driven forward at high speed
(600 fpm).

If the second stage comparison yields the result that the desired frame
number is less than or equal to the precount, then a drive film forward slow
command is initiated. This command causes power to be applied to the low

speed motor and the film begins to move forward at low speed (10 fpm).

In either of the above cases the film is now moving forward, causing the
image blips (see Figure 2) to be sensed by a photocell device. As each blip is
sensed by the photocell device a pulse is generated which adds one numerically
to the contents of the frame counter shift register. The first stage comparison
cycle is repeated as previously described. I this first stage compare still
results in a ''greater than'' then the second stage comparison decides whether
to continue driving at high speed forward or change to low speed forward. This
process continues in a cyclic fashion with the photocell increasing the frame

counter /shift register by one each and every time an image blip is sensed.

Ultimately, the cycle terminates with an ""equal to'' comparison in the first
stage compare. When this happens the enable film drive forward command is
withdrawn and a stop command is initiated. The stop command activates the
magnetic clutch/brake in the film drive mechanism and the microfilm reel stops
at the desired frame number. As the film stops the requested image is auto-

matically centered and rear-projected on the screen for display.

First Stage Compare — Less Than

If the first stage comparison (see Figure 8) indicates that the desired

frame number is numerically less than the present position frame number, then
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an enable film drive reverse command is intiated. The photcell detects only the
presence of a blip and cannot detect direction of film travel. For this reason

then, a''less than'' result in the first stage compare also gives rise to a

condition counter subtract command. This command conditions the frame counter/
shift register to subtract one numerically from its contents when a photocell pulse

is received.

The second stage compare following an enable film drive reverse command
is logically similar to that described in the '"First Stage Compare-Greater Than"
section. Basically, the difference is one of reversing the polarity of the film

drive motor selected as a result of the second stage comparison.

Operationally, the prototype performs in a similar manner in both forward
and reverse search. As mentioned above, the main difference being that the
frame counter /Shift register is adding in the forward search mode and sub-
tracting in the reverse search mode. High-speed film drive is accomplished
with the same drive motor with polarity of applied dc power governing the
direction of drive determined by the first stage compare. The same applies to

the low speed motor.

First Stage Compare — Equal To

If the first stage comparison indicates that the desired frame number is
equal to the present position frame number then a stop command is initiated.
Actually the stop command is initiated before any film motion takes place when

there exists an ''equal to'' comparison in the first stage compare.
INFORMATION UPDATE MODE
General

Operationally, the update functional flow mode is selected at the control

panel after the requested image is retrieved and positioned for display on the
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reader screen. Now that the desired film image has been retrieved there is no
further need for storage of the frame number request in the keyboard shift
register. In the automatic frame search mode the keyboard shift register was
used to enter and compare frame number requests. After the requested image
is retrieved, this register may be cleared and used for the update informa-
tion. This time sharing of the register allows more efficient utilization and

deletes the need of separate registers to perform both functions.

The same keyboard is also used in both the automatic frame search mode
and the information update mode. Depression of the button labeled WORD at
the control panel conditions the logic so that keyboard entries now correspond to

designated word selection.

Variable Word Length Selection Structure

The designated word selection options are shown in Figure 10. Update
data totaling 32 numeric characters per film image can be selected in either of
three options. In all of the three options, the first four characters (Word
Number 0) were assigned to the frame number in order to provide a means
of verifying that the image retrieved was indeed the one requested. The re-
maining 28 character positions are used for data storage. Within these 28
characters the operator has the option of arranging the update data in any of three

ways by simply turning the word mode selector at the control panel.

In the ''7 x 4" mode, data may be entered into or selected for display from
the keyboard shift register, in 7 words of 4 characters each. Correspondingly,
the "14 x 2" mode and the '"28 x 1'' mode have 14 words of 2 characters each and

28 words of 1 character each, respectively.

During operation in the information update mode, the keyboard is used to
accomplish two functions. The first of these is to select the word number (i.e.,
position in keyboard shift register) while the second function is to enter data in
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Figure 10. Variable Word Length Selection Structure - Keyboard Shift Register

that selected word number. The operator selects that word mode which cor-

responds to the format used in the initial preparation of the filmed data base.

Update Data Entry Mode

This mode of operation characterizes the manner in which data is entered
(or changed) during the information update mode. As shown in Figure 9 (lower
section) update data is entered into the keyboard shift register via the input key-
board. After completing the entry of all update data associated with the particular
film image, the WRITE button on the control panel is depressed. This action
causes the contents of the keyboard shift register to be written on the film
magnetic strip. The output signals are amplified before being written on the
magnetic storage element by the two-track head. A timing track is written

synchronously to facilitate readback.
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Update Data Display Mode

Upon completion of film image retrieval, data is read from the film
magnetic strip by the two-track magnetic head. The data enters the keyboard
shift register after signal amplification in the read amplifier. The contents of
the keyboard shift register may now be selected by entering a word number into
the control keyboard (see Figure 9 - upper section). Depending upon the word
mode option (i.e., 7x 4, 14 x 2, or 28 x 1) determined during data entry, groups
of characters may be selected for display. For example, in the 7 x 4 mode, if
word number 2 is desired the operator enters a 2 into the keyboard. The four

characters associated with word 2 are then displayed on the accessory display.

If the operator then desires to change any or all of the characters in word 2
he clears the register by depressing the button labeled CLEAR K/B and re-enters
the new information. To complete the update process the operator then rewrites
the information (including changes) back onto the magnetic storage element. This

operation is accomplished by depressing the WRITE button at the control panel.
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SECTION VII

FUTURE DEVELOPMENT

Present plans include the fabrication of a console for operation in an
airborne command post configuration. Redesign of some of the logic functions
will be accomplished in addition to a reworking of the electro-mechanical and
optical projection mechanisms. An integrated display will be added which allows
simultaneous presentation of an entire image update message (32 numerical

characters).

g Mok

G. Barboz&
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APPENDIX I
PROTOTYPE LOGIC DESIGN
CONTROL PANEL

Logical schematics of the control panel are shown in Figure 11. Section
VI of this document describes the logical functions associated with these

schematics. The wiring details for the control panel are shown in Figure 12.

The pulse network schematic in Figure 13 is used to convert the signal

levels from the keyboard to pulse outputs.
INDICATOR AMPLIFIERS

The indicator amplifier schematics shown in Figures 14 and 15 are used
to drive the incandescent lamps which indicate the binary coded contents of the

shift registers.
DISPLAY DECODERS AND DRIVERS

As shown in Figures 16 and 17, the display decoders convert the appropriate

1-2-4-8 code into a visual display of the representative numerical character.
KEYBOARD ENTRY CONTROL

The various modes of frame search, word select and data entry as
described in Section VI, are shown in schematic form in Figure 18. This logic
determines when a word request is completed and initiates an automatic sequence

of events which circulates the desired word into the keyboard shift register.

SHIFT PULSE DRIVER

As shown in Figure 19, the shift pulse driver schematic contains the
logic required to generate the 16 shift pulses during the scan period. During
this period of the frame search mode, the frame counter shift register contents

and the keyboard shift register contents are compared.
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KEYBOARD SHIFT REGISTER

Figure 20 shows that flip-flop building blocks are utilized to construct the
16-bit shift register required to temporarily store, shift, and compare the in-
puts from the keyboard. As described in Section VI, this register serves a
dual purpose function by performing its operations during both the frame search

mode and update mode.
FRAME COUNTER/SHIFT REGISTER

The frame counter/shift register functions are described in Section VI and
shown in block diagram form in Figure 8. Essentially, the FC/SR stores the
present frame location and counts up or down depending upon the output of the
first stage comparison. The schematics for the frame counter/shift register

are shown in Figures 21 through 24.
SYNCHRONIZATION AND CLOCKING

Figures 25 and 26 show the basis for clocking and proper pulse shape
generation in order to provide synchronization of all the logical operations

described.
FORWARD/REVERSE CONTROL

Figure 27 shows the schematic associated with the manually selected
options of slow-speed film advance. These options are selected at the control

panel by the buttons labeled FORWARD and REVERSE.
PRECOUNT CONTROL AND REGISTER

The precount control (see Figure 28 and 29) is used in conjunction with
the precount register to provide a means of film speed transition in either the
forward or reverse directions. At a predetermined interval of 56 frames be-

fore the requested frame, the film drive motors are switched from high to low
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speed. Then the precount register is counted down by photocell pulses and a

film stop command is initiated when the contents of this register are zero.

SELECTOR CONTROL FOR EXTERNAL OPERATION

A means of switching to the operational control of the commercial
Recordak logic is provided in the prototype for two reasons. The first of these
is to provide a means of error isolation, and the second is to demonstrate the
improvement in retrieval response attributable to the consecutive search

capability. The schematic for this selection is shown in Figure 30.
WORD SELECTION CONTROL

Two functions, depending on whether data is being entered or selected for

display, are shown in Figure 31.

If data is being entered, the word position into which the data is to be
entered is selected at the keyboard. The data mode is then selected and update
data entry is made via the keyboard.

If data is being selected for display, the appropriate word number is
selected and the corresponding characters are shifted and displayed on the

accessory display.

The functional operations pertaining to both these modes is described in

Section VI.
SCAN COUNTING AND RESET

The logic associated with scan counter reset, word comparison, and scan

counter is shown in Figure 32 and is self-explanatory.
READ/WRITE CONTROL

Figures 33 and 34 are the schematics associated with control and timing

of the data-read/write function described in Section VI.
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UPDATE DATA STORAGE

The schematic for the updatable data shift register is shown in Figure 35.
As described earlier, this register provides a storage element for data to be
written onto or read from the film strip. Data is always formatted or changed
in the keyboard shift register and then transferred to the update data shift

register in preparation for rewriting on the magnetic strip.
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Figure 17. Display Drivers
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Figure 21. Registers 1-4 of 16 In Frame Counter/Shift Register
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